Cell wail preparations (elicitors) from Phytophthora megasperma var. sojae increase C2H4 formation, phenylalanine ammonia lyase activity, and glyceollin accumulation in soybean cotyledons within about 1.5, 3, and 6 hours after treatment, respectively. The immediate precursor of C2H4, 1-aminocyclopropane-1-carboxylic acid, stimulates C2H4 formation like the elicitor within 1.5 hours after administration, whereas phenylalanine ammonia lyase activity and glyceollin concentration remain unchanged. Aminoethoxyvinylglycine, a specific inhibitor of C2H4 formation in higher plants, inhibits elicitor-induced C2H4 formation by about 95% but has no effects on phenylalanine ammonia lyase or glyceollin accumulation. It was concluded that C2H4 is a signal accompanying the specific recognition process which finally leads to the induction of phytoalexin formation, but it is not functioning as a link or messenger in the induction sequence of glyceollin accumulation.
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Phytoalexins are fungitoxic compounds produced by the host in response to infection and are possibly involved in higher plant resistance to fungal pathogens. Fungal cell wall components, socalled elicitors (13) , are active in the induction ofenzymes involved in phytoalexin production (7, 23) and resistance (9, 11) . Thus specific receptor sites in host cell walls and/or plasma membranes seem to produce signals or messengers which in turn increase activities of enzymes involved in the synthesis of individual phytoalexins. These phytoalexins, together with other factors and reactions, are responsible for resistance. One of the possible candidates for a role as messenger is the gaseous "plant hormone" C2H4 since (a) PAL3, a key enzyme in flavonoid biosynthesis, is inducible by C2H4 (1, 21), (b) C2H4 is produced in response to fungal infections correlating either with resistance (21) or with the severity of the necrotic reaction (14, 18, 19, 21) , (c) treatment with fungal elicitors of compatible hosts can yield resistance (11) , and (d) C2H4 formation in response to treatment with fungal elicitors of hypocotyl segments correlates with the hypersensitivity of the individual bean variety the tissue was derived from (8, 19 Determination of PAL Activity. After incubations for the indicated times under the above conditions, the tissue next to the exposed wound surface was removed with a razor blade and homogenized in 100 mm phosphate buffer (pH 8.0) containing 4.2 mM mercaptoethanol (1.5 ml buffer/g tissue). The brei was filtered through cheesecloth and centrifuged for 30 min at 48,000g. One ml of the supernatant was stirred with 100 mg prewashed Dowex (I-X2; 50 to 100 mesh; Cl-form; Roth-chemicals, Karlsruhe) for 20 min at 4 C. PAL was determined spectrophotometrically in the filtrate (23) .
Glyceollin. Glyceollin was determined in the "wound droplets" from the cut surfaces of the cotyledons. Three combined extractions with each 50 ml ethyl acetate (90 wound droplets were combined for the individual extractions) were dried with Na2SO4 at 4 C. After filtration and evaporation to dryness, the extracts were redissolved in 10 66, 1980 Plant Physiol. Vol. 66, 1980 six layers of cheesecloth, the spore suspension was combined with 40 ml culture medium + 0.4 g agar which was heated briefly after mixing.
Thin-layer plates, for the separation of phytoalexins (Merck Silica Gel F254, Merck, Darmstadt, Federal Republic of Germany)
were developed in toluene-chloroform-acetone (40:25:35, v/v) (cf.
ref. 10 ). The spore suspension (in 100 ml culture medium + agar) was sprayed onto a freshly developed thin-layer chromatogram. The sprayed plates were incubated in 100% humidity at 24 C for about 3 days. White spots on the dark plates indicate the presence of phytotoxic compounds.
RESULTS AND DISCUSSION
Using the well established Pms-soybean system, Zahringer et al. (23) recently demonstrated that increased PAL activity correlated reasonably well with glyceollin accumulation after incubation of soybean cotyledons with Pms elicitor. Wounding of cotyledons was excluded as a possible stimulus for the observed effects since [2-'4CJmevalonate was only incorporated into glyceollin after elicitor treatment. We tested the hypothesis that C2H4 may be involved as a link in the sequence of events between elicitor recognition and glyceollin formation.
C2H4 Formation by Soybean Cotyledons after Elicitor or ACC
Treatment. C2H4 formation by soybean cotyledons is stimulated in the presence of elicitor (Fig. la) . The stimulating effect of the elicitor is completely inhibited by appropriate concentrations of AVG, a specific inhibitor of C2H4 formation from methionine (3, 16) . Incubation of soybean cotyledons with ACC, the immediate precursor of C2H4 in higher plants (2, 17) , results in increased C2H4 formation, comparable to elicitor treatment (Fig. lb) .
In Figure 1 , the incubation vessels were closed during the incubation time, yielding maximal C2H4 concentrations after 3 h.
Maximal rates of C2H4 production of about 300 to 400 pmol g-1 fresh weight h-' are observed between 1.5 and 3 h incubation in closed vessels. If the incubation is done in open vessels (Petri dishes), allowing free gas exchange, and C2H4 is trapped by closing the vessels for 1 h after the indicated time of free gas exchange, C2H4 formation is observed as biphasic: a clear stimulation dunng 0.5 to 1.5 h incubation which remains constant during h 3 to 4 incubation, followed by a strong increase during h 6 to 7 incubation, declining to about 10% of the maximum value at 6 after 22 h incubation in open vessels (Fig. 2) .
C2H4 formation by cotyledons 3 h after inoculation in a closed system might be 02-limited (Fig. 1) . In addition to the biphasic nature of the "rates" of C2H4 formation (Fig. 2) form the beginning (0.5 h) of incubation, the percentage of AVG-inhibitable C2H4 formation is about 6 to 7%, with an eventually slight increase in noninhibitable C2H4 formation by AVG after longer times of incubation. There is good evidence that AVG inhibits the biosynthetic pathway of C2H4 between methionine and ACC (3, 16) , and that enzymic oxidation of ACC yielding C2H4 is catalyzed by a constitutive enzyme (3, 12, 15, 22) . Elicitor treatment seems to enhance synthesis of ACC in soybean cotyledons.
Effect of Elicitor, ACC, and AVG on PAL Activity and Glyceollin Accumulation in Soybean Cotyledons. PAL activity and glyceollin accumulation in soybean cotyledons reach maximal values about 22 h after elicitor treatment (23) . In contrast to C2H4, neither PAL activity nor glyceolline accumulation are influenced by ACC or AVG after elicitor treatment, indicating that C2H4 formation is an event different from PAL and glyceollin induction at an early stage (Table I ). The lack of effect of AVG on PAL (Fig. 3a) and glyceollin induction (Fig. 3b) , in contrast to C2H4 formation (Fig. 2) , was observed from 0.5 to 22 h after treatment.
Phytoalexin Bioassay. Growth of C. cucumerinum is inhibited by glyceollin and other phytoalexins (10) . White spots with RF values similar to authentic glyceollin (indicating total growth inhibition of C. cucumerinum) are visible in extracts from elicitortreated soybean cotyledons (Fig. 4) . H20-treated or ACC-treated cotyledon extracts did not produce such inhibition zones. AVG in combination with elicitor did not visibly influence the formation of an inhibition zone (AVG = RO 20). The above data contradict the concept that C2H4 might be involved in phytoalexin induction, functioning as a messenger between the primary process of elicitor recognition and the final cellular processes yielding increased phytoalexin synthesis; C2H4 apparently is merely an accompanying indicator of the elicitor recognition process and is not involved as a direct link or a signal transmitter.
CONCLUSIONS
From these results, we conclude that C2H4 is not the signal in elicitor-induced phytoalexin formation in soybean cotyledons, although it is a sensitive indicator for certain host-parasite interactions.
